New dinoflagellate cyst (dinocyst) analyses were carried out at high-resolution in core 2339, retrieved from a contouritic field in the central part of the Gulf of Cadiz, for the Marine 23
INTRODUCTION 46
Marginal and semi-enclosed seas, continental shelves and especially upwelling cells or river 47 mouths, are marine regions characterized by high primary productivity conditions. They play an 48 important role as a carbon sink and then significantly contribute to CO 2 storage. In this context, 49 the North Atlantic is the major contributor to atmospheric CO 2 sequestration (Sabine et al., 2004 ; 50 Takahashi et al., 2009 ), especially in high latitudes, even if uncertainties remain on the calculated 51 amount stored by coastal regions (e.g. Flecha et al., 2012) . Disregarding abiotic processes, CO 2 52 storage evolution is itself substantially governed by continental and marine primary producers 53 through biological carbon fixing, export and fossilization. The majority of ocean primary 54 production comes from micro-phytoplanktonic organisms (mostly diatoms, coccolithophores and 55 dinoflagellates; Falkowski and Raven, 1997) , mainly in coastal upwelling systems as well as in 56 temperate and subpolar regions; these micro-organisms being extremely sensitive to climate 57 changes at seasonal and interannual time scales. In this study, we targeted a major component of 58 the modern phytoplanktonic biomass, the dinoflagellate group. About 15% of living 59 dinoflagellate species form highly resistant resting cysts (dinocysts) after sexual reproduction 60 (Dodge and Harland, 1991; Head, 1996; Dale, 1996) For each analysed sample, a minimum of 300 dinocyst specimens were systematically identified 185 following the taxonomy in Fensome and Williams (2004) and Fensome et al. (2008) . High 186 occurrences of the species Lingulodinium machaerophorum (nearly monospecific in some cases 187 but typical for the area today) forced us to additionally count 100 dinocysts outside this species 188 for each palynological slide to obtain statistically robust dinocyst results (Fatela and Taborda, 189 2002 
Dinocyst indexes and Statistical treatments of dinocyst results 205

Warm / Cold ratio 206
The present-day ecology of many of the recovered species is well known from their surface 207 sediment distribution in the North Atlantic (e.g. Turon, 1984; Rochon et al., 1999) . Furthermore, 208 latitudinal (SST changes) and inshore-offshore (eutrophic-oligotrophic conditions) gradients are 209 mainly responsible for dinocyst distribution in modern sediments (Marret and Zonneveld, 2003 ; 210 Zonneveld et al., 2013) . A qualitative thermic index "Warm/Cold" (W/C), which has previously 211 been used to qualitatively address SST variations (Turon and Londeix, 1988; Versteegh, 1994 Protoperidinium species, including Brigantedinium and Selenopemphix species, thus indirectly 223 signing periods of higher surface water productivity. In the following sections of the paper, we 224 will refer these taxa as "heterotrophics"; "coastal heterotrophics" being more specifically used for 225
Selenopemphix species (S. quanta and S. nephroides; Table 1 ). Also a ratio "Heterotrophics / 226
Autotrophics" (H/A) can be addressed that simply takes into account "strict" heterotrophic 227 occurrences versus the other dinocyst taxa identified in fossil assemblages. 
Dinocyst species reflecting qualitatively main paleohydrological changes 290
Present-day ecologies of major species found in MD99-2339 assemblages are listed in Table 1 
UNDERLYING MECHANISMS BEHIND DINOCYST CHANGES AT ORBITAL AND 316
SUB-ORBITAL TIME SCALES IN THE GULF OF CADIZ
to the combination "obliquity maxima -precession maxima" (cf. MIS 3 in Figure 7 ). This would 367 be consistent, during MIS 1, with our recorded enhanced stratification related to lower 368 productivities (Figure 6 ), especially between 10 and 6 ka BP, and our recorded enhanced 369 stratification during periods of higher productivities across the last glacial (Figure 6) . specific interstadials, ii) they never occur during HS with significant percentages, and iii) they 426 often characterize GS climate conditions with increasing relative abundances (Figure 8n) . 427 428
Greenland Stadial (GS) and especially Heinrich Stadial (HS) 429
During GS, and especially HS, dinocyst seasonal SST reconstructions from the Gulf of Cadiz 430 evidence a 2 to 5°C cooling, as a consequence of the southward shift of the Polar Front (e.g. Noteworthy, and similar to GI 12 and GI 8, the BA is not homogeneous and is marked by a 513 bipartite structure (cf. phases "a" and "b" in Figure 7 ). The final BA ("b") is indeed marked by a 514 drastic drop of Impagidinium spp., a strong increase of L. machaerophorum percentages and high 515 values of total dinocyst concentrations (Figure 7) . This may suggest slightly more productive 516 conditions (cf. Figure 6 ) that followed mean general Mediterranean aridity increases starting as 517 soon as 14 ka BP and continuing during the following cold event of the YD (Figures 6 and 7) . 518
At the onset of the Holocene, during the 9.5 -6.5 ka BP interval, the proportion of clay cohesive 519 sediments (cf. grain-size < 63 µm; Figure period to the Holocene, and can be therefore also of crucial importance for our understanding of 564 long-term and abrupt climate changes in primary productivity regimes and organic matter export 565 to the seafloor. 566
We especially focus on the dinocyst species L. machaerophorum that we interpret as a powerful 567 tool to discuss surface hydrological changes through time in the northeastern Atlantic, and 568 especially water column stratification under varying regimes of paleo-precipitations, primarily 569 forced by obliquity maxima at orbital time scales. Dinocyst fluxes, and perhaps also 570 dinoflagellate productive conditions, in the Gulf of Cadiz were the highest during the last glacial 571 (especially between GI8 and GI12), and a clear imprint of millennial-scale abrupt climate 572 changes was detected on paleohydrological changes all over the investigated period. During the 573
Holocene, precessional forcing is also suggested through the probable impact of sapropel 1 574 formation in the Eastern Mediterranean on decreasing dinocyst fluxes and perhaps also on 575 dinoflagellate productivity in the Gulf of Cadiz. 576 
